^Äëíê~Åí= The aim of this study was to improve the production of an extracellular alkaline lipase from ^äÅ~äáÖÉåÉë=spK (ATCC 31371) by optimization of the culture medium, for economic production of biodiesel from waste vegetable oil. A number of carbon sources including different types of starch, sugar, sugar alcohol, organic acids, and surfactants were investigated. Polyoxyethylene (20) sorbitan tristearate, whose side chain is stearic acid, was the most effective carbon source for lipase production. Box-Behnken experimental design was used for three factors (soy protein, sodium nitrate, and stearic acid) and the optimal composition for maximum lipase production (1.7-fold enhancement) was established as soy protein 4.07%, sodium nitrate 0.17%, and stearic acid 0.28% at 28°C with an agitation rate of 220 rpm for 24 h. The enzyme was purified to homogeneity and the recovery of the lipase activity was 7.8% with a 30-fold purification. The estimated molecular size of the protein determined by SDS-PAGE was 33 kDa. The optimum pH and temperature of the purified lipase was 8.5 and 40°C, respectively. The purified enzyme was stable in the pH range of 6.0 and 9.5 and in the temperature range of 20 and 50°C. © KSBB hÉóïçêÇëW=Alcaligenes=ëéKI=~äâ~äáåÉ=äáé~ëÉI=ãÉÇáìã=çéíáãáò~íáçåI=ï~ëíÉ=~Åíáî~íÉÇ=ÄäÉ~ÅÜáåÖ=É~êíÜI=ÄáçJêÉÑáåÉêó= fkqolar`qflk=
the leather industry for removal of lipids from animal skins, and medicinally for blood triglyceride assay [1, 8] .
Recently, a lipase-catalyzed esterification of various kinds of vegetable oils using an organic solvent or a solvent free system was studied as an environmentally friendly process [9] [10] [11] . We investigated the application of waste activated bleaching earth (ABE) in the production of biodiesel using lipase in an organic solvent [11] [12] [13] [14] or a solvent-free system [15] . ABE is one of the most commonly used absorbents due to its high absorption capacity. In the vegetable oil refining process, the upgrading of crude oils of vegetable origin requires the use of ABE for the removal of carotene, chlorophyll and other components formed during the refining process (e.g. phosphatides and soaps). Thirty-five to forty percentage of the weight of waste ABE is vegetable oil [12] , a substrate that could be utilized for the synthesis of a wide range of products to be used as bulk chemicals. As the biorefinery of waste ABE with lipase is becoming more important, the need for highly effective and cheap lipase has become the main objective for minimizing production costs for the practical production of biodiesel.
In the present study we used the Alcaligenes sp. (ATCC 31371) to improve the enzyme activity by optimization of the culture medium for economic production of biodiesel from waste ABE. We used Box-Behnken experimental design to study the effect of different variables on the enzyme activity. The alkaline lipase produced from the optimized culture conditions was purified and characterized.
The bacterium strain Alcaligenes sp. (ATCC 31371) was purchased from American type culture collection. Toyopearl Butyl 650MM chromatography resin was purchased from Tosoh Bioscience, Japan. Protein standards, chromatography equipment and electrophoresis apparatus were purchased from Bio-Rad Lab. (Herculus, CA, USA). Tributyrine and other chemicals used were obtained from Wako Pure Chemical industries, Japan.
_~ÅíÉêá~ä=`ìäíìêÉ=Ñçê=iáé~ëÉ=mêçÇìÅíáçå= = Alcaligenes sp. (ATCC 31371) was grown at pH 7 and 30°C on a solid medium containing 3 g/L of beef extract (Sigma Chem. Co., St. Louis, MO, USA), 5 g/L of Peptone (Kyokuto, Tokyo, Japan), and 15 g/L of agar (pH 7.0). After 2 days, the plates were stored at 4°C. The seed medium used was the same as the solid medium but without the agar. The modified production medium [16] consisted of 16.4 g/L of wheat starch (Wako Pure Chem. Ind. Ltd., Osaka, Japan), 30 g/L of soy protein, 1.6 g of NaNO 3 , and 7.5 g/L of Tween 60 (Wako Pure Chem. Ind. Ltd., Osaka, Japan) in distilled water. The pH was adjusted to 8.0.
Seed culture was carried out at 28°C on a reciprocal shaker (Bio Shaker, Takasaki Sci. Instr. Co., Saitama, Japan) at 90 spm (stroke per minute) for 7.5 h. For lipase production in flask cultures, 0.5 mL of seed culture was inoculated into 500 mL Erlenmeyer flasks containing 50 mL of production medium at 28°C, 220 rpm (revolution per minute) for 24 h. Cultures were centrifuged and the supernatant was reserved for the purification of the lipase. jÉÇáìã=léíáãáò~íáçå= For medium optimization, five types of starch, seven types of sugar, two types of alcohol, 10 types of organic acid, and 2 types waste resource were investigated. To investigate the effect of surfactants on lipase production, six types of ether and five types of Tween were also tested. To improve lipase production, response surface methodology (RSM) was used to determine the optimum levels of soy protein, NaNO 3 , and stearic acid, as independent variables. Factored levels of soy protein were 1.5% (w/v), 3.0% (w/v), and 4.5% (w/v). In the case of NaNO 3 , 0.1% (w/v), 0.16% (w/v), and 0.22% (w/v) were used. Factored levels of stearic acid were 0.18% (w/v), 0.23% (w/v), and 0.28% (w/v). The study was carried out according to Box-Behnken design. Each experiment was carried out in triplicate; the average of the three experiments being used as data. Analyses of variance (ANOVA) were performed to determine significant differences between independent variables (P < 0.05). Statistica (StatSoft Ver 5.0, StatSoft Japan) was used for regression and graphical analysis of the data. For calculation of lipase activity with optimum medium MathCad 2001 profession software (Mathsoft Inc., Cambridge, MA, USA) was used.
The bacterial culture was centrifuged and supernatant was reserved for the purification of the lipase. Lipase activity was checked on the agar plates by using rhodamine and phenol red at the specific pH. Protein precipitation was performed using 30% polyethylene glycol (PEG) 8,000 at 4°C with mild stirring overnight. The precipitated proteins were centrifuged at 8,000 × g at 4°C for 15 minutes and the precipitates were then dissolved in 20 mM Tris-HCl (pH 7.5) before being dialyzed against the same buffer overnight at room temperature.
eóÇêçéÜçÄáÅ=fåíÉê~Åíáçå=`Üêçã~íçÖê~éÜó=Eef`F= Ammonium sulfate powder was added to 30 mL of the dialyzed protein sample to a final concentration of 0.8 M and then subjected to HIC on a Toyopearl Butyl 650M column (50 mL, 30 cm × 1.6 cm) equilibrated with 20 mM Tris-HCl containing 0.8 M ammonium sulfate (pH 7.5) at a flow rate of 5 mL/min. Unbound protein was washed out with 200 mL equilibration buffer and subsequent elution of bound protein was accomplished using a linear gradient of 0.0~1.0 M ammonium sulfate in 20 mM Tris-HCl buffer (pH 7.5).
fçå=bñÅÜ~åÖÉ=`Üêçã~íçÖê~éÜó=
The partially purified protein was subjected to dialysis in 20 mM Tris-HCl buffer (pH 7.5) and loaded onto a DEAEToyopearl 650M column (50 mL, 30 cm × 1.6 cm) equilibrated with 20 mM Tris-HCl buffer (pH 7.5) at a flow rate of 5 mL/min. The column was then washed with the running buffer to remove unbound protein and the bound protein was eluted using a 0.0~1.0 M NaCl gradient. Active fractions were concentrated. papJmçäó~Åêóä~ãáÇÉ=dÉä=bäÉÅíêçéÜçêÉëáë=EpapJm^dbF= SDS-PAGE was performed on a 10% polyacrylamide gel (with a 4% stacking gel) by a standard technique [17] using reference molecular weight markers (Bio-Rad). Proteins in the gel were visualized with Coomassie Brilliant Blue (CBB, Nacalai tesque Inc., Kyoto, Japan) stain.
